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What are the scientific grand challenges?

Materials with Unprecedented Performance

Making Chemical Change More Selective

Returning Carbon to the Earth

Safer and More Efficient Nuclear Power

Let There Be (Digital) Light

A Solar Economy for Buildings 6

A Hybrid Electrical Grid

Advanced Transport

Solar Fuels

Electric Transport

How do we control material processes at the level of

electrons?

How do we design and perfect atom- and energy-

efficient synthesis of revolutionary new

forms of matter with tailored properties?

How do remarkable properties of matter emerge

from complex correlations of the atomic or electronic

constituents and how can we control these properties?

How can we master energy and information on

the nanoscale to create new technologies with

capabilities rivaling those of living things?

How do we characterize and control matter

away— especially very far away —from

equilibrium?



Many of these challenges demand hard x-rays with higher
spatial and temporal resolution… APS wants to deliver the
best for decades to come

! APS is the brightest source of hard x-rays
for the next decade in North America

! Hard x-rays have unique capabilities in
addressing the grand challenges

– Complex systems, extreme
environments, …

! APS plans to remain at the forefront of hard
x-ray science

– The Renewal is a key step for the next
decade

• Can deliver orders of magnitude

better performance to expts

– We are also looking beyond the
renewal to a 4th generation source

• transformational



Mastering Hierarchical Structures Through X-Ray Imaging

! How can we make stronger, lightweight materials?

! How do we control the transport of environmental contaminants and store
CO2 in rock?

! How do we make clean biofuels from renewable ligno-cellulose?

! How do proteins fit together to make organisms?



Real materials in real conditions in real time

! How can we get the specificity of enzymes in catalysts?

! How can we load a battery efficiently with mobile ions to improve
power/weight ratio?

! Can we imitate photosynthesis?

! How do we manufacture efficient lighting cost-effectively?

! Can we control nucleation to make better smarter materials?

! Can we develop new superconductors for the electric grid?



Key components of the Renewal

New and upgraded beamlines

Accelerator upgrades Technical Support



Components of the APS Renewal

Imaging and
coherence

Extreme
conditions

Ultrafast
dynamics

High-
resolution

spectroscopy

Interfaces
in complex

systems

Proteins
to organisms

higher current

longer IDs

more stable beamsbetter detectors better data analysis
software

tailored IDs



Key components to execute this vision

! Accelerator upgrades

– Lattice with long straight sections

– Tailored insertion devices

– Higher current

– Improved stability and optics

! New and upgraded beamlines

– Imaging and coherence

– Extreme conditions

– Dynamics - From fast to ultra-fast

– More sensitive spectroscopy

– Interface science

– Life science

! Technical support

– Detectors

– Computers and software

– Infrastructure



Underlying is a new accelerator lattice with 8 x 8m straight
sections, 200mA current and more stable beams

Optics and FEs  for all
beamlines
will be modified
to take advantage

Many new IDs
better optimized for experiments

Flexibility in location of long straights
- provided periodic



Imaging and coherence– the challenges

! We need to image light and heavy elements, in complex 3-D objects

R. Harder et. al. Phys.
Rev. B 76, 115425 (2007)

CDI of strain fields in
nanostructures

Fast moving liquids

Jiang et. al. Phys Rev Lett. 101, 246104
(2008)

Polymer dynamics

with large coherent
field-of-view…



Imaging and coherence– new and upgraded beamlines

! Further dedicated imaging
capability for tomography and
phase contrast imaging (including
bending magnets)

! Improved capability for XPCS
increased coherent flux
µs detector (with BNL)

Long imaging beamline(s) for phase
contrast imaging and CDI 
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Advanced x-ray imaging beamlines



Extreme conditions – the challenges

To go where no earth material has gone before..

Increasing pressure ?

Ma et. al., Nature 458, 182 (2009).

Transparent Na

new materials

Souza-Neto et. al. PRL 102, 057206 (2009)



Extreme conditions – new and upgraded beamlines

! Upgrades to HPCAT and GSE CARS

High Magnetic Field BL
(with NSF NHMFL)

Dynamic Shock Compression BL
(DOE-NNSA)

expansion of HP-sync
multiple extreme environments



Ultrafast dynamics – the challenge

C. Liu, unpublished



Ultrafast dynamics – new and upgraded beamlines

Pulse slicing source (1 or 2 sectors)

High speed GISAXS
and imaging

Preserve 24 bunch mode with higher current

Wang et. al. PRL 100, 154502 (2008)



High-resolution spectroscopy – the challenge

Hill et al., Phys. Rev. Lett. 100, 097001 (2008)

Dynamics and
protein function

Liu et. al. PRL 101 135501 (2008)

Collective excitations in
superconductors

Imaging elemental and
chemical distributions

Demands higher spatial and
energy resolution, higher signal…



High-resolution spectroscopy – new and upgraded
beamlines

! HERIX and MERIX with dedicated beamlines and undulators (long
straight)

! LERIX capability expanded

! Better spectroscopic detectors

! Dedicated micro-spectroscopy beamlines



Interfaces in complex systems – the challenges

Chemical switching
 of ferroelectrics

Wang, et al., Phys Rev Lett
102, 047601 (2009)

Jiang et al., Phys. Rev. Lett.
101, 086102 (2008)

Spatiotemporal instabilities
for InN growth



Interfaces in complex systems – new and upgraded
beamlines

! New dedicated sector for X-ray Interfacial Scattering

– Complementing endstations and increasing capacity

! Improved high-energy capabilities

! Catalysis beamline and other optimized endstations and instrumentation



Connecting proteins to organisms – the challenge

! Proteins which are hard to crystallize (e.g. for neuropharmacology)

! Protein dynamics

! Proteins to organisms



Connecting proteins to organisms – new and upgraded
beamlines

! More stable beam and sample holders for microcrystallography

! Better Pixel Array detectors to use the beam most efficiently

! Better SAXS capabilities

! Better imaging capabilities

Spink et. al. Nat. Struct. Biol. 15, 591 (2008)

Myosin has a leg up



Critically important supporting capabilities

! Detectors

! Optics

! Computing and software

! Additional laboratory space



Possible configuration for long or complex  beamlines
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Conclusions and next steps

! We have been asked to prepare a proposal for CD-0, due by the
end of May

– Hope to get CD-0 by the end of the summer

! Estimated cost of Renewal (with contingency) $400M

! Looking beyond CD-0, anticipating the next steps:

– during the summer we will initiate further work on components of this
vision

– will identify contacts for each WBS element (e.g. ”Imaging and
coherence”) to coordinate

! SAC is meeting October, at which point we hope to begin the formal
planning for the project, including the components of the CDR which will
be due in FY2010

! Project funding could begin in FY2011


